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SUMMARY
ln this thesis an analysis is presented of the adjustment of the l<lwest layer of the
atmosphere to the change in surface conditions that it experiences when the wind
blows from agricultural land onto and over a tall forest edge. The strong drag force
which edges exert on the atmospheric flow may also play a significant role in
regional surface-atmosphere exchange. A better understanding of regional exchange
is important for improving predictions of global climate change (Chapter 1). The
analytical and numerical models used to predict regional exchange as yet lack
verification. This thesis aims to provide evidence at a local scale to evaluate
numerical flow models.
The adjustment process was investigated by measuring turbulent momentum
fluxes and their vertical variability above the canopy, at a fixed tower in a small,22
metres tall forest stand. In a fully adjusted, equilibrium situation, vertical flux
variation should be absent. Therefore, edge effects can be inferred from the amount
of this variation. To one side the stand was bordered by agricultural land, to the
other sides by shorter forest stands. It is shown in Chapter 4 that the level of
adjustment depends on the upwind distance from the nearest stand edge. Wind
direction provided a range of 'fetches' from 90 to 240 metres to which the
observations were successfully related.
The experiments were done within the framework of the Sleen
Hydrometeorological Experiment on Advection and Regionalisation (SHEAR),
during which fluxes and other turbulence statistics have been measured
simultaneously at several places and heights in a heterogeneously forested
landscape. Different types of instruments, employing eddy correlation techniques,
have been used to measure the turbulence statistics of wind and heat transport. In
Chapter 2, the methods are described. The performance of the instruments was
investigated by comparing the measured first and second order statistics (means,
variances and fluxes). The comparative measurements were performed on-site,
above the forest. Such an intercomparison is especially important when investigating
spatial variability of the surface layer by differential measurements.
The intercomparison showed systematic differences between several sets of
instruments. Compared to a three-dimensional sonic anemometer which was used as
a reference, three-dimensional propeller anemometers, unexpectedly, overestimated
momentum fluxes most of the time. Temperature sensors were prone to radiation
eÍrors, but this did not affect the measurement of sensible heat fluxes seriously.
Complementary to this static intercomparison, differences in dynamic
behaviour between instruments are described in Chapter 3. Dynamic errors causing
such differences may depend on turbulence structure, which in turn depends on the
location of the instrument. The analysis of dynamic erors has mainly been done by
comparing turbulence spectra determined with the different instruments. The
overestimation of momentum fluxes by propeller anemometers was shown to be
associated with all but the highest frequencies. This phenomenon remains as yet
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unexplained. It was shown, however, that when only propeller anemometers were
used, spatial variability of windspeed statistics could be determined with an
accuracy usually better than 107o.
In Chapter 4, it is shown that the vertical variation of momentum fluxes,
measured with propeller anemometers, was often considerable, indicating that the
flow was not in equil ibrium with the local surface. This variation, as well as the
ratio of flux to windspeed, significantly depended on upwind roughness and fetch.
The existence of arr elevated flux maximum was demonstrated, probably located in
the wake originating lrom the edge. The results suggest that the fetch required for
the flow to reach equilibrium with the surface should exceed 30 times the height
above thc zero-plane.
The rate of adjustment of the atmosphere is, in terms of 'K-theory',
determined by the turbulent diffusivity. In Chapter 5, the scaling of this diffusivity
with turbulent velocity and mixing length has been studied, using the same
measurernent set and associated windspeed gradients as in Chapter 4. Also,
Turbulent Kinetic Energy (TKE) has been determined, and turbulence spectra were
derived Íbr selecteC days. Diffusivities were determined from the fluxes and the
gradients, and the spectra and TKE were used to analyse the scaling of diffusivities.
Downwind of the edge with agricultural land, the diffusivity dropped to
about 60Vo of its equilibrium value at a distance into the forest of five tree heights,
and increascd to near-equilibrium beyond l.en tree heights. Contrary to assumptions
in many models, this variation in diffusivity could not be explained by variation in
TKE. Instead, the depression in diÍfusivity could be explained by imperfect
adjustment of the turbulence spectra to the new surface. Because low-Íiequency
turbulence had not yet fully developed, effective turbulent length scales were
smaller than they would be over homogeneous terrain. This study suggests that
diffusivity scales with the spectrum-weighted average wavelength, and that
physically realistic models should emphasize mixing-length adjustment.
The observations have been compared, both in Chapter 4 and Chapter 5, with
the results of several two-dimensional numerical flow models, in particular with a
multi- laycr, f irst-order model. This model allows gradual adjustment of the mixing
length to changing surface properties. In spite of this, the model neither accurately
represented the flux variation nor the depression in diffusivity that had been
measured. However, because of a high simulated flux at the edge, the simulated
average momentum absorption may be close to the average of measured fluxes over
the fetch domain. Other models, based on'TKE closure', reproduce the depression
in diffusivity better, but underestimate the mean flux because they have a single-
laycr lower boundary.
This study stresses the sensitivity of areally averaged fluxes to form drag
exerted by edges, and to mixing lengths. Current methods for this averaging do not
take fuil account oÍ' these aspccts, and probably underestimate fluxes. Only large-
scale experiments can help to verify this hypothesis.
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